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Hydro

Why | believe that there’s hydro at RHIC (and why you should too):

1.V ldeal hydro works kind-of (not for today)

2.  Viscous corrections systematically capture deviations of data from ideal hydro




Viscous Hydro — Dependence on System Size

TH = eutu” 4+ pgh” — n (VF¢ur) +
|deal Viscous ~ gmfp/L 2nd Order ~ (gmfp/L)2

e Totally integrated vo versus systemsize (centrality) must come out right:
— Depends on almost nothing except 1T+" (e.g. freezeout, 0 f, .. .)

H. Song, S.A. Bass, U. Heinz, T. Hirano, C. Shen, PRL106 (2011) 192301
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It works! (especially w. Hydro+cascade)



Basic O(¥mf,/ L) come out right

VISHNU (Song, Bass, Heinz, Hirano, Shen, PRC 83 (2011) 054910)

10’ . . . . . 10° . . . . . 1.20—"

1o o 1 n/s = 0.08 + = 1
0%~5%¢1 e 10l . ote T ——]VISHNU STAR v,{2} p |
2 n - o) o
10°d 2o, qriosn 10°4 i ] ] ® (5-10%)+0.6
5%~10% 0.8- \V4 V¥ (20-30%)+0.4
’ & & (30-40%)+0.2
— 10%~20%*10 X 0 6- N < (40-50%)
N E .0
> w ]
[0 1 >"0.41
@, 20%~40% %3 1
—_ 0.2
Q'_— |
. 4 00 T MC-Glauber initialization
o T T T T T T T T T T T —7r r r - r - 11 T 17T
- ] 1 - n/s =0.16 + 1Au+Au 200A G p
S 01 ms=024 T =T 1
g/ 7°%~8O% 3 |60%~80%/10° g * ] 0'8_ T * P A - -1
Z + X - --V"—*if- e 1 —‘?i—'r-
5 ] o 06' *W_.___y'7$' T = ; _.i/I'-Y- Y =
<, o e S R
1071 10° S s =00 | Y04 7 _.._—:g'-'f'f'g T 9 g T L « %% K2
1+ PHENIX (ideal hydro) ol - T r Lt " Sl 14
10°4 STAR 10°4 o n/s=0.08 1 0-21 g—"fa-‘r-rz‘t"'?’fj Sy gorm . |
—— MC-KLN A nfs = ' T N e VY ]
; ] n/s =0.16 0.0 MC-KLN initialization - x - 7
""" MC-Glauber ~ (a) v ws=024  (© _ Mowlintalzation | 3*7°  MC-KLN initialization
10™ ; ; . : : 10° : Co - - . . . . . . 0 02 04 06 08 1.0 1.2 14 1.
00 05 10 15 20 00 05 10 15 20 00 02 04 06 08 10 00 02 04 06 08 10 12 14 16

p, (GeV) p, (GeV) p, (GeV) p, (GeV)



Determining the Shear Viscosity of QGP with Correlations:

1. Characterize energy density with ellipse

©v=0.4 fm/c o0 - Elliptic Shape gives elliptic flow
500 va = (cos 2¢p)
400
£ 300 '€ 2. Around almond shape are fluctuations
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200 - Triangular Shape gives v3 (Alver)

100

v3 = (cos 3(¢p — U3))

3. Hot-spots give correlated higher harmonics
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- Systematized and simulated
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Why is this useful?
1. Different harmonics are damped differently by viscosity
2. Depends on system size, momentum, . ..

Experiments vastly over constrain hydrodynamic predictions for QGP!
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3+1 E by E viscous hydro simulations by Schenke et al
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Pattern to Viscous corrections for example Yan Li & DT

(N] / € U3 / €3
ideal ——-- | 7 ideal ———- ‘
1/4m -------- ’ 14 --------
1 L 1/2n s _1/2n _-7]
7
05 | \.';/Tfo=150|\/|eV, conformal EOS| | Ti,=150MeV, conformal EOS| | T;,=150MeV, conformal EOS
0 0.5 1 15 2 0 0.5 1 15 2 0 0.5 1 15 2
pr (GeV) pr (GeV) pr (GeV)
- . < _
Least Damped (same amount) More Damped

General pattern for arbitrary cumulant worked out: A. Yarom, S. Gubser
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Higher pt but still hydro
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Viscous corrections grow with p7 and “n”

e 0 f related to energy loss at modest momenta

f(p) =
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Phenix v data
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Phenix v data
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Phenix v data
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Hydro

Why | believe that there’s hydro at RHIC (and why you should too):

v" Ideal hydro works kind-of (not for today)

v’ Viscous corrections systematically capture deviations of data from ideal hydro

Makes the bounds 1/47 < /s < 3/4m kind of convincing



Energy Loss
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Dijet Asymmetries at the LHC
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Theoretical Calculations seem to get the Dijet Asymmetry

Prediction:
Qin, Muller: arXiv:1012.580 Young, Schenke et al: arXiv:1103.5769
3 | | | |
b1 T "7 5T 1T 1714 OLS=O.3
S amaswmons 8 [ SIS0 25 CMS Plo+Pl o100 et -
=== PYTHIA + medium === PYTHIA + medium

dN/dA
o

0 + |
0 0.2 0.4 0.6 0.8 1

See also, J. Casalderrey-Solana et al arXiv:102.0745

All calculations move soft remnants away from the jet with “soft” 1 / pr transport mechanisms

(Are they consistent with measured 77 and longitudinal momentum distributions though?)
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Energy loss at sub-asymptotic energies is important:

1. Kinematic constraints limit the agreement between energy loss formalisms

— See the report of the Jet Collaboration: arXiv:1106.1106

2. Finite energy leads to large angle emission outside of radiative loss formalism

AO is Large




Radiative and Collisional Loss:

Collisional Energy Loss: dfl—%(ﬂ(u)

<TIIITT Features:
E - bit
= 1. Plasmaisexcited: T' < up < FE
2. Hard particle in hard particle out
Features:
(1—2x)E . o
— 1. Plasmaisexcited: T' < n < E

e~

\7\@ f A 2. Hard particle in, two hard part. out

- We require £/ > 1

As the bremmed energy gets lower and lower, the angle A8 gets larger and larger



Radiative and Collisional Loss

Soft Radiative Loss: 2l
0] adlatlve LOSS: At <,LL> Features:
> SRR E - bit _ _
N 1. Plasmaisexcited: I' < p < E
/M 2. Hard particle in, one hard particle out
ViR By

This is higher order correction to the collisional E-loss rate

Collisional Energy Loss: dp—cLo(ﬂ(u)

dt
E S E - bit
\ I /g\ SRS,
T 1o
Final result is independent of u: COH + “Ycoll + ra
P " di di i
A\ ~~ y

Phenomenological Coll E-loss Radiative Loss



Summary



Higher pt but still hydro
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Summary

1. Hydro works amazingly well
2. Energy loss is progressing

3. What got left out (maybe):

e Is a quasi particle picture valid? At what temperature ?

— See quark matter talks: Nan Su, Olaf Kaczmarek



Quasi Particles are not?



No quasi—particles

Quasi particle pciture: Independent scatterings

Makes Predictions for spectral de%nsities:
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Quasi particle picture from Lattice spectral Densities (Olaf Kaczmarek, Quark Matter)

e Fits to Lattice Euclidean Data
Best Fit Range of fits

p"((l))/(LI)T

BW-+continuum
free

w/T




